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(57) ABSTRACT 

A circuit is designed with an estimate circuit (132) coupled 
to receive a plurality of predetermined signals (416-418) 
from an external source. Each of the predetermined signals 
is spaced apart in time. The estimate cit produces a first 
estimate signal in response to at least one of the plurality of 
predetermined signals. An averaging circuit is coupled to 
receive a data signal 420 and at least one of the plurality of 
predetermined signals. The averaging circuit produces an 
average signal from the data signal and at least one of the 
plurality of predetermined signals. 
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ITERATIVE SIGNAL-TO-INTERFERENCE applied to a bit error rate (BER) circuit 110 and to a Viterbi 

RATIO ESTIMATION FOR WCDMA decoder 106. Decoded symbols from the Viterbi decoder are 

applied to a frame error rate (FER) circuit 108. Averaging 

CLAIM TO PRIORITY OF PROVISIONAL circuit 112 produces one of a FER and BER. This selected 

APPLICATION 5 error rate is compared to a corresponding target error rate 

from reference circuit 114 by comparator circuit 116. Detec- 

TTiis application claims priority under 35 U.S.C. §11 9(c) lor circuil ll8 prod uccs an output signal corresponding to 

(1) of provisional application Ser. No. 60/091,488, filed Jul. the comparison . TOs output signal and a feedback signal 

2» f rom jgjgy c i rcu j t are added by circuit 122 to produce 

ctct n nr? TLin ,m/rKmnKr io a signal-to-interference ratio (SIR) reference signal on lead 

HELD OF THE INVENTION ^4 

This invention relates to wideband code division multiple Pilot symbols from the rake combiner 104 are applied to 

access (WCDMA) for a communication system and more the SIR measurement circuit 132. The SIR measurement 

particularly to signal-to- interference ratio estimation of circuit produces a received signal strength indicator (RSSI) 

WCDMA signals. 15 estimate from an average of received pilot symbols. The SIR 

I measurement circuit~also produces^an interference signal/ 

BACKGROUND OF THE INVENTION \ strength indicator (ISSI) estimate from an average of inter- 

„ ...... u . , ss>t^**a\ fere nee signals from base stations and other mobile systems^ 

Present code division multiple access (CDMA) systems s ,.„„ m ° t - . c] ^ ic tl a cid ma ^ t ^ mnni „-™-t S 

, • j i_ • i. . ■ ■ i j re ' over man Y tune slots, lne SIR measurement circuit pro- ) 

are characterized by simultaneous transmission of different - duces an S , R estima[e from a falio of ^ RSS , $j , ^ ■ 

data signals over a common channel by assigning each \ ISSI signal. This SIR estimate is compared with a target SIR' 

signal a unique code. This unique code .s matched with a by circuit 126. Detector circuit 128 produces an output 

code of a selected receiver to determine the proper recipient . . t . M . /, ( ■ ,. . r . 

- , . . ™ . i . . . signal corresponding to the comparison that is applied to 

of a data signal. These different data signals arrive at the „ r A . . i ~ n ~, , . -~ A 

. , . . , , f . . I PC command circuit 130. The TPC command circuit 130 

receiver via multiple paths due to ground clutter and unpre- „ ff , ™u i tU . - . i « . u 

Ll , A . A • rr r . ... 25 sets a IPC symbol that is transmitted to a remote base 

diclable signal reflection. Additive effects of these multiple „ int - T ' Dr . . ■ t .... . . -.u 

. f , . . r station. Inis I PC symbol instructs the base station to either 

data signals at the receiver may result ,n significant fading jncrease of decrease transmU b ferabl t dB for 

or vanation in received signal strength^ In general this subs equent transmission. 

lading due to multiple data paths may be diminished by ™ ,. -„ . 

spreading the transmitted energy over a wide bandwidth , n 11,6 dia f am 0 2 illustrates the closed-loop transmit 

This wide bandwidth results in greatly reduced fading 30 Power control sequence between of the base station and the 

• , , , . . , , 9 mobile system. The base station receives a aroup of pilot 

compared to narrow band transmission modes such as , . ' . . . , e , o ^up ^1 

r 1 . . . lt . , /rm/A v . ,. . . symbols 200 in a time slot 204 from the mobile system, lne 

frequency division multiple access (FDMA) or time division * . . . „ ir) . f " /T 

m J t - lo \ m (tt\\a \\ base station determmes an SIR ratio from the pilot symbols 

multiple access ( 1 DMA). _„„ , , , , . 

VT J . . 200 and TPC symbol 202 and adjusts transmit power accord- 

New standards are continually emerging for next genera- 35 mgly ^ adjusted transmU r ^ ^ {Q time sJot 

tion wideband code division multiple access (WCDMA) 210 of downlink 2 20. The time slot 210 is offset from time 

communication systems as described in Provisional U.S. slot 204 by one . halftimc slol or rj.3125 milliseconds, so the 

Patent Application No. 60/082,671, filed Apr. 22, 1998, and mo5ile syslem has time to adjusl transmit power in response 

incorporated herein by reference. These WCDMA systems t0 symbol 208 for the next time slot 218 of Unk 
are coherent communications systems with pilot symbol; 40 The mobile system determines an RSSI estimate from pilot 

assisted channel estimation schemes. These pilot symbols symbols 206 of lime slot 210 For Q - n data . rate channels " 

are transmitted as quadrature phase shift keyed (QPSK) such as 256^1024 thousand symbols per second (ksps), there 
known data in predetermined time frames to any receivers- are prefer ably eight pilot symbols in each time slot. For low 

within range The! frames may propagate in a discontinuous data . rate channels sucn ^ 32 _ 128 te (FIG 3) there afe 

transmission (DTX) mode. For voice traffic, transmission of 45 preferably four pilot symbols in each time slot> ^ ISSI 

user data occurs when the user speaks, but no data symbol eslimate indudes an average of interference signals over 

transmission occurs when the user is silent. Similarly for many time sk)ts m , ss , estimalej therefore, is relatively 

packet data, the user data may be transmitted only when ; stable and changes slowly with time. By way of comparison, 

packets are ready to be sent. The frames are subdivided into an RSSI for time slot 310 include of an 

sixteen equal time slots of 0.625 milliseconds each. Each 50 averag e of pilot symbols 308 alone. This small sample 

time slot is further subdivided into equal symbol times. At } produccs i arg e variations in the RSSI eslimate. For example, 

a data rate of 32 thousand symbols per second (ksps), for \ for six fingcrs of rake combiner circuit i 04 , the RSSI 

example, each time slol includes twenty symbol times. Each eslimate ^ for lhe m r m lime ^ ^ ■ . ^on [1], 

frame includes pilot symbols as well as other control sym- HerC) corresponds to the k' A pilot symbol of the m'* 

bols such as transmit power control (TPC) symbols and rate 55 lime slot '* and the ^ fi with lfae ilot M data 

information (RI) symbols. These control symbols include removed 
multiple bits otherwise known as chips to distinguish them 

from data bits. The chip transmission time (T c ), therefore, is - fi 

equal to the symbol time rate (T) divided by the number of 5 _L V 1 fl V *) 

chips in the symbol (N). 60 m = 16Z^[|2j r *^' 

Referring to FIG. 1, there is a simplified diagram of a * 
mobile communication system. The mobile communication 

system includes an antenna 100 for transmitting and receiv- ^ This RSSI estimate may fluctuate abruptly due to the limited 

ing external signals. The diplexer 102 controls the transmit number of pilot symbols available for averaging, The SIR 

and receive function of the antenna. Multiple fingers of rake 65 estimate is given by equation [2], where i m is the ISSI 

combiner circuil 104 combine received signals from mul- estimate for the m'* lime slot, which is obtained by averag- 

tiple paths. Symbols from the rake combiner circuit 104 are ing the interference from many previous time slots. Since the 



04/01/2004, EAST version: 1.4.1 



US 6,404,826 Bl 
3 4 

SIR estimate is a ratio of the RSSI to the ISSI estimate, most^ and magnitude of received data signals. This improved 
of the variation of the SIR estimate is due to the RSSI \ channel estimate is then used by a correction or demodula- 
variatioh. The variation in the SIR estimate produces erratic tion circuit to correct the first twelve data symbols 420 of the 
TPC control and correspondingly large variations in transmit current time slot 404, The logical state of these twelve 
power. 5 corrected data symbols is then known and they are used as 

virtual pilot symbols. An estimate circuit included in SIR 
measurement circuit 132 then averages pilot symbols 418 
£//?„,= — together with virtual pilot symbols or corrected data symbols 

?« 420 of the current frame 404 and produces an RSSI estimate 

signal according to equation [3]. 



10 



These large variations in transmit power degrade commu- 
nications between the base station and the mobile system. A i 

Sm = 256 



SUMMARY OF THE INVENTION 



[31 



These problems are resolved by a circuit comprising an 

estimate circuit coupled to receive a plurality of predeter- This new RSSI estimate of equation [3] is highly advanta- 

mined signals from an external source. Each of the prede- geous in comparison to the estimate of equation [1] of the 

termined signals is spaced apart in time. The estimate circuit P rior art * ^ average of pUot symbols in the current time slot 

produces a first estimate signal in response to at least one of together with pilot symbols from the two previous time slots 

the plurality of predetermined signals. An averaging circuit 20 determines the improved channel estimate The improved 

is coupled to receive a data signal and the at least one of the channel estimat ? * ^ l ° CreatC VUtual pi1 ? 1 Sym u b ° ls T> !^ 

plurality of predetermined signals. The averaging circuit from data symbols in the current time slot. The RSSI 

_ . , _ o „ • , t u j,„ c-™„K^,i, fl „. estimate, therefore, is an average of the sixteen most recent 

produces an average signal from the data signal and the at ^ of ^ dmc ^ inc fouf 

least one of the plurality of predetermined s lg nals. 25 ^ 41g and lwdw ^ pflot symbols % 20 £ y way > of 

The present invention improves signal-to-interference comparison with equation [1] of the prior art, the RSSI 

estimation by averaging pilot symbols and corrected data estimate of equation [3] with six rake fingers is an average 

symbols. Closed-loop power control is improved. A standard 0 f sixteen. This increase in symbols by a factor of four 

deviation of traasmit power is greatly reduced, and the link produces a more stable RSSI estimate with a smaller vari- 

margin of the system is improved. 30 ance over {ime XhuS) c i OS ed-loop transmit power is more 

_, closely regulated between the base station and the mobile 

BRIEF DESCRIPTION OF THE DRAWINGS "J** ' , " "™ 

communication system. 

A more complete understanding of the invention may be SIR measurement circuit 132 produces an SIR signal 

gained by reading the subsequent detailed description with on lead 125 (FIG. 1) in response to the new RSSI and the 

reference to the drawings wherein: 3 f ISSI. A comparison circuit 126 compares the SIR signal to 

FIG. 1 is a block diagram of a mobile communications a ta , r ^ 1 SI * on lead 124 A resuJ l ° f the comparison is 

system* applied to TPC command circuit 130 via circuit 128. The 

™ ' - . , , , TPC command circuit then applies an appropriate TPC 

FIG. 2 is a diagram showing a transmit power control symbo] lQ tfansmit amplifier 134 for imXusion in tne next 

sequence ol the prior art; 4Q transmit time slot Tpc symbol instructs a remote base 

FIG. 3 is a diagram showing pilot symbols used for * station to preferably increase or decrease transmit power by 

received signal strength estimation of the prior art; ' 1 6B. 

FIG. 4 is a diagram showing pilot symbols used for Tuning now to FIG. 5A, there is a diagram of a first 

received signal strength estimation of the present invention; iteration of an iterative signal-to-interference ratio determi- 
ne 5A is a diagram showing a first it on of signal-to- 45 nation of the present invention. Average circuit 412 receives 

interference ratio determination of the present invention; tree groups of four pilot symbols 416-418 from the current 

FIG. 5B is a diagram showing a second iteration of time sk)t 404 and ? e P rior . time slots (400-402) The 

signal-to-interference ratio determination of the present averaging 1 circuit produces an improved initial channel esti- 

invention' mate Rayleigh fading from the predetermined stale of 

„_ ,'. . ... . r„wr. c i 50 these twelve pilot symbol& The correction or demodulation 

FIG. 6A is a simulation result of RMS error for the RSSI circui , lhen ^ tWs ■ yed channe , estimate tQ mmct 

esumate of the present mvent.on; and phase and magnitude of lhirty . six dala symbols 500 from 

FIG. 6B ts a simulation result of standard deviation of a ij me s i ot 402 as well as twelve data symbols from time slot 

closed-loop power control system of the present invention. 404. These corrected data symbols yield Torty-eight virtual 

DETAILED DESCRIF1ION OF THE 55 P il °' s y rab ° ls «» .»«« 42 °- ,n itera,ion 

PREFERRED EMBODIMENTS ' l " allVe s.gnal-to-.nterference rauo determination (FIG. 

58), averaging circuit 412 produces a second channel esti- 

Rcfcrring to FIG. 4, there is a diagram showing pilot mate of Raylcigh fading from pilot symbols 417-418 and 

symbols used for received signal strength indicator (RSSI) virtual pilot symbols 500 and 420. The correction circuit 

estimation of the present invention. The SIR measurement 60 then uses the second channel estimate to correct data sym- 

circuit 132 (FIG. 1) is designed to sample groups of pilot bols 420 of frame 404. An iterative RSSI is determined from 

symbols (416-418) from three consecutive time slots an average of pilot symbols 418 and corrected data symbols 

(400-404) having an exemplary data rate of 64 ksps with 420. This iterative RSSI provides a further improvement of 

forty symbols in each time slot. These pilot symbols are the channel estimate used to correct data symbols of the 

predetermined signals having a known value. Averaging 65 current time slot 404. This improved channel estimate 

circuit 412 produces an average of these predetermined further improves the RSSI and subsequent'SIR estimate. The 

symbols to produce an improved channel estimate of phase SIR estimate, therefore, provides more stable closed-loop 
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transmit power control between the remote base station and an averaging circuit coupled to receive a first data signal 

the mobile communication system. and said first predetermined signal, the averaging cir- 

Referring now to FIG. 6A, there is a simulation result of cuit producing a first average signal from the first data 

root-mean-square (RMS) error for the RSSI estimate of the signal and said first and not said third predetermined 

present invention. The RSSI estimate corresponds to a 5 signals. 

Rayleigh channel with four paths and an 80 Hz Doppler rate. 2. A circuit as in claim 1, wherein each predetermined 

The family of curves includes an upper dashed curve cor- si g nal of tne plurality of predetermined signals comprises a 

responding to RSSI estimation of the prior art for four pilot S rou P of P ilot symbols, each group of pilot symbols corre- 

symbols. A lower dashed curve for sixteen pilot symbols is sponding to a respective time slot. 

included as a theoretical minimum error for comparison with 10 . 3 " A CITCU } X " m claim \ further comprising a combiner 

simulations of the present invention. Hie RSSI estimates of ™ cou ? lc ? t0 ™ c ™ a firsl *°UP ° f P llot s y rab ° ls a J a 

, . • 1 j • * j* * c first time and coupled to receive the first group of pilot 

the present invention include intermediate curves for one, , . , \ , . . , 

, c , , , c • .... symbols at a second time, the combiner circuit arranged to 

two and four pilot symbols and for one and two iterations. ^ aQ c of ^ ^ M ^ ^ 

The RSSI estimate of the present invention produces a (ime and ^ fifSt receiyed at ^ time 

smaller RMS error than four pilot symbol of the prior art 15 4 . A circuit as in claim h wherein lhe dala signal com . 

over the entire SIR range. Furthermore, iterative RSSI prises a p i urality of data sym bols. 

estimates for one and two pilot symbols have only a slightly 5. A circuit as in claim 1, further comprising a comparison 
greater RMS error man iterative four pilot symbol estimates cu - cxl it coupled to receive the first estimate signal and a 
of the present invention. Thus, the iterative RSSI estimation reference signal, the comparison circuit producing a control 
provides sufficient improvement to reduce pilot symbol 20 signal in response to the first estimate signal and the refer- 
overhead in each time slot without compromise to SIR ence signal. 

estimation. 6. A circuit as in claim 1, wherein the estimate circuit is 

TXirning now to FIG. 6B, he is a simulation result com- further coupled to receive the first average signal, the 

paring a standard deviation of closed-loop power control for estimate circuit producing a second estimate signal in 

three Doppler rates. The upper curve shows a significantly 2 5 response to the first average signal, 

greater standard deviation in transmit power for all Doppler 7 - A circuit as in claim 6, wherein the averaging circuit is 

rates than with iterative RSSI estimates of the present coupled to receive the second estimate signal, a second 

invention. In particular, the standard deviation for a 5 Hz predetermined signal, and a second data signal, the averag- 

Doppler rate is reduced by half from 3 dB to less than 1.5 in S circuit producing a second average signal of the second 

dB. Furthermore, as in the previous simulation, the standard 30 predetermined signal and the second data signal in response 

deviation is substantially the same for one, two or four pilot t0 tne second estimate signal. 

symbol in each time slot. 8. A circuit as in claim 7, wherein the plurality of 

Although the invention has been described in detail with predetermined signals are wideband code division multiple 

reference to its preferred embodiment, it is to be understood access signals received in a transmitted frame and wherein 

that this description is by way of example only and is not to 35 eacn predetermined signal corresponds to a respective time 

be construed in a limiting sense. For example, the iterative s ^ ot - 

RSSI estimation of the present invention may be extended to 9 A circuit as in claim 8, wherein each predetermined 

more than two iterations. Moreover, virtual pilot symbols si S nal comprises a plurality of pilot symbols, 

may include a single data symbol, a rate information symbol 1° Acircuit as in claim 8, wherein the estimate circuit and 

or any other symbols that are corrected for phase and 40 tne averaging circuit are formed on a single integrated 

frequency. Furthermore, another embodiment of the present circuit. 

invention includes a user identification symbol (UDI) for 11. Acircuit as in claim 6, wherein the first estimate signal 

each time slot. This UDI symbol indicates a presence or ™d the second estimate signal are Rayleigh fading param- 

absence of data within a time slot. For example, during voice eler estimate signals. 

transmission time slots corresponding to a pause in speaking 45 12 * A circuit as in claim 1, further coupled to receive a 

would have no data symbols. Such an indication by the UDI user identification symbol, wherein the averaging circuit 

symbol instructs circuits of the present invention to rely on produces the first average signal from the first predetermined 

pilot symbols alone for Rayleigh fading parameter estimates si S naI and not lne ^ data si S nal in response to the user 

and SIR estimates. Furthermore, all of the aforementioned identification symbol, 

circuits, such as estate and averaging circuits, may be 50 13. A circuit comprising: 

formed on a single integrated circuit. a correction circuit coupled to receive a data signal and a 

It is understood that the inventive concept of the present first estimate signal, the correction circuit arranged to 

invention may be embodied in a mobile communication produce a corrected data signal in response to the first 

system as well as circuits within the mobile communication estimate signal; 

system. It is to be further understood that numerous changes 55 an estate circuit coupled to receive a plurality of prede- 

in the details of the embodiments of the invention will be termined signals and the corrected data signal, the 

apparent to persons of ordinary skill in the art having estimate circuit producing a second estimate signal in 

reference to this description. It is contemplated that such response to at least one of the plurality of predeter- 

changes and additional embodiments are within the spirit mined signals and the corrected data signal; and 

and true scope of the invention as claimed below. 60 a comparison circuit coupled to receive the second esti- 

What is claimed: mate signal and a reference signal, the comparison 

1. A circuit comprising: circuit producing a control signal in response to the 

an estimate circuit coupled to receive a plurality of second estimate signal and the reference signal, 

predetermined signals including first and third prede- 14, A circuit as in claim 13, wherein the second estate 

termined signals from an external source, the estimate 65 signal is a signal-to-interference ratio signal, the reference 

circuit producing a first estimate signal in response to signal is a signal-to-interference reference signal and the 

at least the third predetermined signal; and control signal is a transmit power control symbol. 
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15. A circuit as in claim 13, wherein each of the first and 
second estimate signals are channel estimate signals and 
wherein the correction circuit is further coupled to receive 
the second estimate signal, the correction circuit arranged to 
produce a second corrected data signal in response to the 5 
second estimate signal. 

16. A circuit as in claim 15, wherein the estimate circuit 
produces a signal-to-interference ratio signal in response to 
the second corrected data signal and wherein the comparison 
circuit produces a transmit power control symbol in 10 
response to the signal-to-interference ratio signal and the 
reference signal. 

17. A circuit as in claim 13, wherein the data signal 
comprises a plurality of data symbols. 

18. A circuit as in claim 13, wherein the corrected data is 
signal comprises a plurality of demodulated QPSK data 
signals. 

19. A circuit as in claim 18, wherein each predetermined 
signal of the plurality of predetermined signals comprises a 
group of pilot symbols, each group of pilot symbols corre- 20 
sponding to a respective time slot. 

20. A method of processing signals in a communication 
circuit, comprising the steps of: 

receiving a first plurality of predetermined signals includ- 
ing first and third predetermined signals from an exter- 25 
nal source; 

producing a first estimate signal in response to at least the 
third predetermined signal; 

receiving a first data signal; 3Q 

correcting the first data signal in response to the first 
estimate signal; and 

producing a first average of the first and not the Third 
predetermined signals and the corrected first data sig- 
nal. 35 

21. A method of processing signals as in claim 20, further 
comprising the steps of: 

receiving a second plurality of predetermined signals 

from a plurality of external sources; 
producing a second average of at least one of the second 40 

plurality of predetermined signals; and 
producing a signal-to-interference ratio signal in response 

to the first average and the second average. 

22. A method of processing signals as in claim 20, 45 
wherein each of the first and third predetermined signals 
comprises plural pilot symbols, and wherein each of the first 



and third predetermined signals corresponds to a respective 
time slot of a frame. 

23. A method of processing signals as in claim 20, further 
comprising the steps of: 

producing a second estimate signal from the first average; 
receiving a second data signal; 

correcting the data second signal in response to the second 

estimate signal; and 
producing a second average of a second predetermined 

signal of the plurality of predetermined signals and the 

corrected second data signal. 

24. A method of processing signals as in claim 20, 
wherein each group of the first plurality of groups is a group 
of pilot symbols in a respective time slot. 

25. A method of processing signals as in claim 20, 
wherein the data signal comprises a plurality of data sym- 
bols. 

26. A method of processing signals in a communication 
circuit, comprising the steps of: 

receiving a first predetermined signal and a first data 

signal from an external source; 
receiving a second predetermined signal from the external 

source; 

producing a channel estimate in response to the second 

predetermined signal; 
correcting the first data signal in response to the channel 

estimate; 

coherently averaging the first predetermined signal and 

the corrected first data signal, thereby producing a 

received signal strength; 
calculating an interference signal strength; and 
producing a power control signal in response to the 

received signal strength and he interference signal 

strength. 

27. A method as in claim 26, wherein each of the first and 
second predetermined signals comprises at least one pilot 
symbol. 

28. A method as in claim 26, wherein the first data signal 
comprises a plurality of data symbols. 

29. A method as in claim 26, wherein the first predeter- 
mined signal and the first data signal correspond to a single 
time slot. 
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